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PREVENTI ON OF MALARI A The present invention relates to the use of active
agents that WQ201485M6B4f or preventing and/or treatiRgTIFR2Q1G/8R238Y t he

parasite Plasnodi umvivax and, nore genetally, a parasite of the genus
Pl asnodi um whose |life cycle conprises a hepatic | ag phase in the human
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affects nore than 5 000 000 peopl e, anong which 3 000 000 di e each year.
This plague mainly affects sub-Saharan Africa, south-east Asia and Latin

Anerica, 15Four main_speci es, of Plasnodi um responsible for the transm ssion
of malaria are gene?ﬁh’&?@ﬁeﬁ i'W&GL%éﬁ'.‘ateﬁng%ﬁ@dPW ariye,g08mMs t}blagér'i%di um
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most W despr ead. The parasites P. falCiparumand P. vivax are
di sti ngui shedvax end20naragersraily; ai patasitesfdhe gengs aphsmadiwnyvehage ldad
their gromh cycle in the human, host. . P. vivax constitutes the
pl asnodi um s‘f.‘yeci? 68MPRETS pgepﬁﬁc Ws?hﬁed'ggﬂ?&(madhh%ﬁt! continents, except
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presence of P. malariae which nmay 25 occasionally be the cause of up to a
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Vivax el e am eRes o el S EikGRRGHERS ooy N e
speci fi cal | ywotlteideasins ignauBlly wffeets mere tieso B 0Ty peopkrt edmy which
3 000 000 die each year.
This plague mainly affects sub-Saharan Africa, south-east Asia
and Latin America.

15 Four main species of Plasmodium responsible for the transmission
of malaria are generally distinguished: Plasmodium falciparum, Plasmodium
vivax, Plasmodium ovale and Plasmodium malariae, the first two being the
most widespread.

The parasites P. falciparum and P. vivax are distinguished from

20 each other in terms of geographical coverage and their growth cycle in the
human host.

P. vivax constitutes the plasmodium species that is the most
widespread on all continents, except for sub-Saharan Africa where P.
falciparum is predominant, despite the presence of P. malariae which may

25 occasionally be the cause of up to a third of the cases of malaria in that area,
and P. ovale, which is nevertheless rarer (Mendis K. et al., The Neglected
Burden of Plasmodium vivax Malaria, Am. J. Trop. Med. Hyg., 2001, 64 (1-2
suppl) : 97-106).

More specifically, the parasite P. vivax is predominantly located in

30 south-east Asia and in the Pacific, where it is responsible for 49% of malaria
cases, but also, 1o a lesser extent, in the territories of east and south Africa.

In point of fact, it is present in the Afro-Asiatic populations, especially in



30 south-east Asia and in the Pacific, where it is responsible for 49% of
mal ari a cases, but also, to a |l esser extent, in the territories of east and

south AfricaWW®rR03a{Q168¢# fact, it is present in the RETFRZQH/062331
popul ati ons, especially in W) 2011/ 051634PCT/ FR2010/ 052331 2 Kenya, in
Tanzania and in the Indian Ccean islands, for instance Madagascar.

Mor eover, the preval ence of this species increases in South Anerica and
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circulation and spread therein a flood of young pre-erythrocytic nmerozoites
ready to i nfegitainfigthaéthebimpautanselof thistpargsiteng largelyeunyddrestipaied. ner ozoi t es
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bouts of fever. The nerozoites released into the blood circul ation infect
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eryt hrocytes rozoites, parasi egins via the
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shoul d be noted that_ for the species other than P. talc/pat-um _certain
pr e- er yt HPociA thefgslts Ariinedinot Credaiion RBOIPeRs HIGelBta JORRDT Yarh@:

T The ot peEIbRto TRRAIBSRNS HOR KB SOOI SouAET 1
dependant onprietgrythrocytic merozoites enter the red blood cells and start the erythrocytic
cycle. The successive divisions of the merozoites cause rupture of the
parasite-infested red blood cells. These sudden and synchronous ruptures
20 are the cause of bouts of fever. The merozoites released into the blood
circulation infect new red blood cells or erythrocytes. This is the start of the
erythrocytic asexual cycle or erythrocytic schizogony. After invasion of the
erythrocytes by the merozoites, the growth of the parasite begins via the ring
stage, and then evolves into the trophozoite form.
25 Moreover, it should be noted that for the species other than
P. falciparum, certain pre-erythrocytic merozoites do not reach the blood
directly but rather attack new hepatocytes.
These hepatic forms, known as hypnozoites, remain in the latent
state for a time that is particular to the type of strain and dependant on its
30 environment. They maintain parasitosis in the liver for 2 or 3 years in the
case of P. ovale, 3 to 5 years or more in the case of P. vivax and for the rest

of the life in the case of P. malariae, before reactivating in successive waves,



30 environnent. They mai ntain parasitosis in the liver for 2 or 3 years in
the case of P. ovale, 5 years or nore in the case of P. vivax and for
the rest of Wfézmi/@mﬁ%he case of P. malariae, befoPeTRARAIVELZHY! i n
successi ve waves, WO 2011/051634PCT/ FRZ10/ 052331 3 causing a strong
fever, also known as a beni gn tertian fever, which is one of the forns of
mal ari a. Wth regard to this speC|f|C|ty it is evident that
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first-line treatrrenﬁ far
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O gani zat i onthe qiissent formbostdreriah RS huffanhetdeytosn vi vax, P. ovale and P.
mal ari ae i nfections"” 01/01/06, Guidelines for the treatnent of malaria, p.
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parasite. As regards primgu or toxrci éns and causes
efﬂcacy has essentlally been valldated onIy on the spemes P falciparum.

Thus, chloroquine was and remains the first-line treatment for
P. vivax malaria since 1946. It is often recommended with a relay with 8-
aminoquinoline, primaquine (World Health Organization, *“Annex 10.

15 Treatment of Plasmodium vivax, P. ovale and P. malariae infections”
01/01/06, Guidelines for the treatment of malaria, p. 225-239).

However, the phenomena of P. vivax resistance to chloroquine
make this active agent less and Iess effective against this parasite.

As regards primaquine, it has major toxicity problems and causes

20 an increased risk of haemolysis in the case of individuals deficient in glucose-
6-phosphate dehydrogenase. These individuals suffering from glucose-6-
phosphate dehydrogenase deficiency often originate from Africa, the Middle
East, India, the Mediterranean basin or south-east Asia.

Other compounds, such as quinine, chloroquine, mefloquine and

25 artemisinine derivatives have little or no effect on the hepatic form of the
parasite.

Antifolates and atovaquone, which were initially used in
combination for treating the parasite in its circulating phase, have also been
acknowledged as being active on the hepatocytes. However, numerous

30 cases of resistance to these active agents have appeared.

As regards ACT (Artemisinine-based Combination Therapy), very

few studies have to date been devoted to its efficacy on P. vivax.



20 an increased risk of haenolysis in the case of individuals deficient in
gl ucose6- phosphat e dehydrogenase. These individuals suffering from
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As regards A Artem si ni ne-based Conbi nati on Therapy), very few studies
have to date' Sdevoted to its efficacy on P. vivax. WO

2011/ 051634[ 3C- 1/ FR?@&%&%%%@}, there is a need at 16& Drédeht HiRe RIrQ greventiea!
effective treatnents at the present tine for treating and preventing
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curative treatmanthokhat is specific for infections caused by a parasite of
t he genus Pl asnodi u whose |ife cycle includes a hepatic Iag phase in the
human host. Thus, onENuunectubigctiohéhepeasent invendapiisihe Yse referseauine

ferroaui ng 19. ot N SeNfSIRLRY hALSLIRtAbY herdtoa iy mBeaitdsel by

accept abl e salt 't hereo he trea preven i nfections
caused by a theresfifpiethef trédtenene and/drtprevardionnof infeetiens chesay by @ parekitides a

hepatic | ag se in the humgn host. , The infectiops are
caused in pa‘?‘{]ﬁ ug%nuso??asm Ity Wheise e cyclsr inelydes arbeRRlic ac RASRE 1B
particul arly, i . The present invention is thus directed
towards fer rtggm%aﬁépglet?s N- denet hyl at ed netabolite or a pharnaceutically
acceptabl e salt therHw irffectioriss aos ealieed tihepantiealamenyt Pawtaar Fhoeaéntoron of

ot % b, PP e 5] Sock byl 3, gt el W in 2 parasite of the
nore particularly P.Tpd Yfdsent invention is thus directed towards ferroguine or its
N-demethylated metabolite or a pharmaceutically acceptable salt thereof for
its use for the treatment and/or prevention of infections of blood and/or liver
cells infected with a parasite of the genus Plasmodium, in particular P. vivax,

20 P. ovale or P. malariae, and more particularly P. vivax.

The present invention is also directed towards ferroquine or its
N-demethylated metabolite or a pharmaceutically acceptable salt thereof for
its use for treating and/or preventing infections of blood cells at the ring stage
and mature trophozoite stage of parasitic growth.

25 A subject of the present invention is also ferroquine or its
N-demethylated metabolite or a pharmaceutically acceptable salt thereof or
its use for treating, preventing and eliminating the quiescent hypnozoite
forms stored in human hepatocytes, especially derived from infections
caused by a parasite of the genus Plasmodium, in particular P. vivax, P.

30 ovale or P. malariae, and more particularly P. vivax.

A subject of the present invention is also ferroquine or its

N-demethylated metabolite or a pharmaceutically acceptable salt thereof, for



The present invention is also directed towards ferroquine or its

N- denet hyl at%?ﬁt i@ol ite or a pharmaceutically acceptable salt thereof for
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Structurally, it results fromthe insertion of a ferrocene grouyp i a 15
ohl or 0qu; ne RGREILITE SHRBLHTHE FFeRRIL arbine BHIBHGR AnGr SeresPPavny
structure: /35698,
Structurally, it results from the insertion of a ferrocene group into a
15 chloroquine molecule and corresponds to a compound of the following

structure:
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20 Its (N)-demethylated metabolite corresponds to a compound of the
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The parasitic strains specifically targeted in WO 96/35698 are the
25 strains P. falciparum. Specifically, the development of such complexes is



Ferroqui ne 90Its (N)-denethyl ated netabolitecorresponds to a conpound of
the follow n tr re:. HNN ;>H ?<1>"",1 cr. WO

2011/ 051634P @8@1@%331 6 precisely based on t hePHTFR2010/862831 s
parasite for the iron present in the redfblood cells it infects.

precisely based on the affinity of this parasite for the iron present in the red

blood cells it infects.

Ferroquine is an antimalaria agent known as having higher activity

5 than chloroquine in various parasites of the genus Plasmodium (Barends et

al., “In vitro activity of ferroquine (SSR 97193) against P. falciparum isolates

from the Thai-Burmese border” Malaria journal, Biomed central, vol. 6, no. 1,

p. 81 ; Fouda et al., “On the medicinal chemistry of ferrocene” Database

biosis Biosciences information service; Olliaro et al., “The global portfolio of

10 new antimalarial medicines under development” Clinical pharmacology and
therapeutics, vol. 85, no. 6, p. 584-595).

The in vitro activity of ferroquine on chloroq'uine-resistant strains of

P. falciparum is indicated; complementary studies are, however, necessary

15 (Barends et al., “In vitro activity of ferroquine (SSR 97193) against P.

falciparum isolates from the Thai-Burmese border” Malaria journal, Biomed
central, vol. 6, No. 1, p. 81).

The present patent application demonstrates that ferroquine

proves to be particularly effective for treating infections by P. vivax. Unlike

20 chloroquine, and entirely unexpectedly, it can not only eliminate the parasite

in its circulating phase in blood cells, but it also does so with equal efficacy

on the immature trophozoite forms (“ring stage”) and mature trophozoite

forms of P. vivax.

25 The active agents under consideration according to the present
invention may be in free base form, but also in salt, hydrate or solvate form
(the latter being defined as associations or combinations of ferroquine with,
respectively, one or more water or solvent molecules).

As regards the salts that are suitable for use in the present

30 invention, examples that may mentioned include the tartrate, L-tartrate,
ditartrate, or dihydrochloride salts.

Advantageously, ferroquine is used in free base form.
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The preferred routes of administration are the oral, rectal and

20 injectable routes.

For example, when a solid composition in tablet form is prepared,
the active ingredients are mixed with one or more pharmaceutical excipients,
such as gelatin, starch, lactose, magnesium stearate, talc, silica, gum arabic,
mannitol, microcrystalline cellulose, hydroxypropylmethylcellulose,

25 croscarmellose, magnesium stearate, hypromeliose or the like. The tablets
may be coated with sucrose, a cellulose derivative or other suitable coating
materials. The tablets may be made via various techniques, such as direct
tableting, dry granulation, wet granulation or hot melting.

A preparation in the form of gel capsules may also be obtained by

30 mixing the active ingredients with a diluent and pouring the mixture obtained

into soft or hard gel capsules.



10 desired node of admnistration, fromthe usual excipients known to those
skilled in tw art. The appropriate unit admnistration forns
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for parenteral adm egfqr@meo Q“%here may be particular cases in which

hi gher or | ower dos%aﬁr’ii%l QQanQ%ri ate; such doses do not depart fromthe
scope of the invention. Accordinhg to the usual practice, the dose that is
appropriate to each Smtiurenroscarametose Genlg by t he doctor according to the
node of qgm' ni stration and hqg wei ght and response of the said patient.
10By way '8f exanpl e, CUNGRCN{ISRPof administration of ferroquine in tabl et

form may conprise thgdrekyPubIghcBARANEEYS2 nigfr F oqui ne 50 ng

Magnesium stearate 3 mg

A subject of the present invention is also a method for treating

20 and/or preventing malaria that includes the administration, to a patient

infected with P. vivax, of a therapeutically effective dose of ferroquine or its

(N)-demethylated metabolite, or a pharmaceutically acceptable salt thereof, a
hydrate or a solvate thereof.

The test below is given purely as an illustration and does not in

25 any way limit the scope of the present invention.

in vitro evaluation of the efficacy of ferroquine versus other

reference antimalaria agents, on blood isolates infected with P. vivax

The test that follows is performed on 110 isolates of P. vivax,

30 collected in the north-west of Thailand (Tak province) on consenting patients,

infected with P. vivax and in the acute phase of the infection, who came for
consultation at the Shoklo Malaria Research Unit (SMRU).



Manni tol 224 ng Sodi um croscaranel l ose 6 ng 15Corn starch 15 ny

Hydr oxypr opyl rnet hyl cel | ul ose 2 ng Magnesi um stearate_3 A subject of the
present inveM{PERTO5636 a nethod for treating 20 anam[’]'g%?@wa]ﬁﬁﬁé"

mal aria that includes the administration9 to a patient infected with P.

vi Vax, of a therapeutically effective dose of ferroquine or its

(N)-denet hyl ated netagbolite, or a pharnmaceutically acceptable salt thereof,
a hydrate or a sol val e sA@plssiare cdllected 5 hours q‘ﬂ?ﬁ@‘ythégtarﬁ@kﬁﬂq Rlageddn

purel y as_ansirhf Hiahihize81uB6s! ARSSBIpefatdf, any vay it the scope of the

present invention. val uation of the efficacy of
ferroqui ne versus other reference antinalaria agents, on bl ood isol ates

infected with P. vivax The test that, follo is performed on 110 i ates
of B vivax. 30 col | L8 cBBrasTEsBI ot Hige BRI UAEE (TaROBHbVAEE) on
consenti ng pphiRRbsul.i nfected with P. vivax and in the acute phase of the

i nfection, o cane for consultation at the Shoklo Ml aria Research Unit
(SMRU). WO 2011/ 05193ispEtesReE0fimalyaresessiully cultured andeasampltbssar enly

col | ect o > APUpGobdingt Hek e o RaRLBEY BB BEk AL o
i s about 4433rbreingsi t es/ pl .
The platelets and leukocytes are removed from these isolates, by
10 analogy with the method described in Kanlaya et al., Malaria Journal, 2009,
8:115.
About sixty samples are finally retained and ten isolates per plate
or per experiment are tested in duplicate.
The activity of the various active agents is tested in predosed
15 wells, by analogy with the method described in Barends et al., Malaria
Journal 2007,6:81 and Brice et al., Antimicrobial agents and chemotherapy,
Jan 2003, pp 170-173.

Figure 1 showing a dose/response diagram illustrates the EC50
20 results (effective concentration 50) obtained for ferroquine and reference
antimalaria agents, chloroquine, mefloquine and piperaquine.
Figure 2 showing a dose/response diagram illustrates the 1C50
results (inhibitory concentration 50) obtained for ferroquine and chloroquine.

25 As indicated in the abovementioned Figure 1, the lowest EC50, of
about 6 nM, is that of ferroquine, thus demonstrating its increased efficacy

relative to the standard antimalaria agents.

As indicated in the abovementioned Figure 2, ferroquine is tested
30 for its activity on the mature trophozoite stages and the young immature
trophozoites (“ring stage”) of P. vivax. Chloroquine is 10 to 20 times less

active on the mature trophozoite stages than on the ring stages, as also



99 isolates are finally successfully cultured and, anong these, only those
cont ai ni ng re than 80% of trophozoites on m croscopi servati are
ret ai ned. ”{2\/8 2011)65‘ffﬁ§4pl atel ets and | eukocytes ar epig%%’]qapéﬁ&éhese

i sol ates, by 10 analogy with the nethod18escribed in Kanlaya at al .,

Mal aria Journal, 2009, 8:115. About sixty sanples are finally

i ned d o l | I, di
Qupli cate.  THeSABERy it yRarseiindy &t o2 vARERUBE: e TERSMR rredos ed
15 wel |'s, bysanalogy oM iHe sther ABANthAI8sEEIPSTENHRCRAE IS odtinalis abalar i a

Journal 2007,6:81 and Brice at al., Antimcrobial agents and chenot herapy,
Jan 2003, ppon il Bgges of the parasite dested1 withovamparabltoseliviiapohidd ancigr am

illustrates e 0 20 results (effective concentration 50)..0btained for
ferroqui ne a%ﬂ ”P&%’F eﬁ]@e % i%% @tgreagfé%&qzo@m (#aﬁf&i’ nrée,Spferétl’\fegﬁuiﬂES and

pi per aqui . demonstrates @t&ﬂhﬁa&iﬁb@ﬂf@@o@iﬁ@%ﬁ/\faﬁ%_@@?é@' rowth bf wst r at es
the 1C50 results (inhibitory concentration 50) obtained for ferroquine and
chl or oqui ne. Vivgashigher thanethat of chioragéne nans fratsed thergpestia advaece Gvest

EC50, of abo lofd uMeis that of ferroquine, thus denonstrating its

i ncreased efficacy relative to the standard antinal aria agents. As
indicated in the abovenentioned Figure 2, ferroquine is tested 30 for its
activity on the mature trophozoite stages and the young i muature
trophozoites ("ring stage"”) of P. vivax. Chloroquine is 10 to 20 tinmes |ess
active on the mature trophozoite stages than on the ring stages, as also
WO 2011/ 051634PCT/ FR2010/ 052331 10



described in Russell, B. et aL 2008, Antim crob. Agents Chenot her.

52:1040-5. On the other hand, and entirely unexpectedly, ferroquine is
active on bo¥WORMJEH18B4t he parasite tested, with coRfedYBRR1G/86238 i es of
14 and 21 nMfor the ring and mature trdﬂh020|te st ages, respectively. This
5 denonstrates potential activity of ferroquine on various stages of growh
of P. vivax, higher than that of chlorgg“ine and thus a therapeutic advance
over chloroquine. WD 2011/ 051634PCT/ 052331 11 CLAIMS 1. Use of
ferroquine or its N-denethylated netabolite or a 5 pharmaceutically
acceptabl e salt thereof according to any one of the preceding clains, for
treating and/or preventing infections caused by a parasite of the genus

Pl asnodi um whose life cycle includes a hepatic |ag phase in the human host

and chosen from P. vivaxysé.ofofstsyuaisl &t itgeNatdméthybted Paetabehter @rng to
Claim1, characterized in that the parasite is P. vivax. Use

accor di ng & oPBamireeudically saaeeptEbimdsall thamacicaesarding iten amytoneeof r’(h@ctl ons

i di
o oL BB e PR Sy o SRR BECE
i nfections obaltds&etﬂfdhd garidssPlasmodium, whoseUe cgeroindiutigst ® hapatiornag of

Clains 1 to 4, characterized in
phase in the human host and chosen from P. vivax, P. ovale and P. malariae.

10 2. Use according to Claim 1, characterized in that the parasite

is P. vivax.

3. Use according to either of Claims 1 and 2, characterized in
that the infections are infections of the blood and liver cells.
15
4. Use according to any one of Claims 1 to 3, characterized in
that the infections are infections of the blood cells.

5. Use according to any one of Claims 1 to 4, characterized in
20 that the treatment and/or prevention are the treatment and/or prevention of
infections of blood cells at the stages of parasitic growth of the immature

trophozoite “ring stage” and of the mature trophozoite.

6. Use according to any one of Claims 1 to 3, characterized in
25 that the infections are infections of the liver cells.

7. Use according to any one of Claims 1 to 3 and 6,
characterized in that the treatment and prevention are the treatment and
prevention of the quiescent hypnozoite forms stored in the human

30 hepatocytes.



20 that the treatnment and/or prevention are the treatnent and/or prevention

of infections of blood cells at the stages of parasitic_growh of the
i mmat ure trop28N 18051634y stage” and of the mature tPepAdEA 104052331
6. Use according to any one of dains 1120 3, characterized in 25 that the

infections are infections of the liver cells. 7. Use according to
any one of Cains 1 to and 6, characterized inﬁiahat th ':"éetrret and
prevention are the t$eatY&htaCKAWING dPeADY oSOt (LAIRS ds yBREz4i t e

Forms st or edoita e B RO 6RALARH Riates NOROLANIRAGAUPIEIAIRD10/ 052321

12 e accor 0 any one o
characterized in that the prevention relates to the prevention of rel apses.

9. Use according to any one of (. ai 1 to 3 d 7, 5.characterjzed in
that the treatnment a‘ﬁd/ Sep@&\?@\%t"i’%ﬁ%aﬁeytwéét‘?fegﬂ% 1aﬁ%l?€r praé’\‘}ie_ tion of
beni gn t ert i @ibrh€AEed in that the tredithertSRAdRFRERMBDN SfeaRY treBENEHt &hdbPs 1 to
3, 6 and 7, characterized in that the treatnent and/or prevention are the
treat nent anereyention pf eeriagn tertianfevenf ections in patients deficient in
gl ucose- 6- phosphat e dehydr ogenase.
. 10. Use according to any one of Claims 1 to 3, 6 and 7,
characterized in that the treatment and/or prevention are the treatment and/or
10 prevention of infections in patients deficient in glucose-6-phosphate

dehydrogenase.



